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(57) Abstract 



PROBLEM TO BE SOLVED: To 
obtain a resolving agent for optical 
isomers having a high optical 
resolving capability originally 
equipped with the polysaccharide 
derivative, also equipped with a 
solvent resistance, and capable of 
being produced in short production 
processes and to provide a method 
for resolving the optical isomers. 



SOLUTION: This resolving agent for 
optical isomers in which the surface 
of a polysaccharide derivative loaded 
on a carrier, or crushed or made as 
spherical particles, is covered with a 
polymer, is obtained by loading the 
polysaccharide derivative on the 
carrier and immobilizing the 
polysaccharide derivative on the 
carrier by coating the surface thereof 
with the polymer, or crushing the 
polysaccharide derivative or making 
the same of spherical particles and 
then covering the surface thereof 
with the polymer. 
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Resolution of enantiomers by liquid chromatography on chiral 
stationary phases has become a practically useful method for 
obtaining optical isomers and determining their purities. 2 Mi- 
crocrystalline cellulose triacetate, which is prepared by hetero- 
geneous acetylation, 3 is a useful stationary phase and has been 
widely employed for the resolution of aromatic compounds. 4 



(J) Chromatographic ResoluUon 7. Part 6: rcf 5. 

(2) (a) Blaschke, G. Angew. Chem., Int. Ed. Engl. 1980, /P, 1 3. (b) Pirkle, 
W.; Finn, J. "Asymmetric Synthesis*; Morrison, J. D., Ed.; Academic Press: 
New York, 1983; Vol. 1, p 87. 

(3) (a) Hesse, G.; Hagel, R. Chromatographic, 1973, 6, 277. (b) Hesse, 
G.; Hagel. R. JUebigs Ann. Chem. 1976, 996. 
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Table 1. Chromatographic Resolution of 8-10 and DPO on Phenylcarbamates (1-7) of Polysaccharides 
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"Conditions are shown in Figure 1; (capacity factor for less retained enantiomer) = (retention time - dead lime)/dead time, a (separation 
factor) = (capacity factor for more retained enantiomer)/*,', Rs (resolution factor) = 2 X (distance of the two peak positions)/(sum of bandwidlhs 
of the two peaks). *frowj-2,3-Oiphenyloxirane. 



Hesse and Hagel stated that its chiral recognition capability was 
substantially reduced once the triacetate was dissolved in a solvent. 3 
However, we found that cellulose triacetate adsorbed on silica gel 
from solution showed a chiral recognition capability completely 
different from that of microcrystalline cellulose triacetate; 5 en- 
antiomers of Troger base were eluted in reversed order on the two 
triacetate columns. In this communication, we wish to report chiral 
packing materials for high-performance liquid chromatography 
(HPLC) prepared with phenylcarbamatcs of various poly- 
saccharides: cellulose (1), amylose (2), chitosan (3), xylan (4), 
curdlan (5), dextran (6), and inulin (7). Some of the packing 
materials showed remarkable resolution ability and high durability. 
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The phenylcarbamates 1-7 were prepared by the reaction of 
a large excess of phenyl isocyanate with the corresponding po- 
lysaccharides in pyridine at about 100 °C. Elemental analysis, 
'H NMR, and IR spectra indicate that almost all hydroxy groups 
of the polysaccharides were converted into urethane bonds. 
Macroporous silica ge! (Merck, LiChrospher SI 4000, 10 /xm) 
was treated with a large excess of (3-aminopropyl)triethoxysilane 
and coated with about 20 wt % of a phenylcarbamate in the same 
manner as described in the previous paper. 6 The packing ma- 

(4) (a) Hakli, H.; Mintas, M.; Mannschreck, A. Chem. Ber. 1979, 112, 
2028. (b) Schldgl. K.; Widhalm, W. Ibid. 1982, 115, 3042. (c) Roller, H.; 
Rimbock, K.H.; Mannschreck, A. J. Chromawgr. 1983, 282, 89 and refer- 
ences cited therein. 

(5) Okamoto, Y.; Kawashima, hi.; Hatada, K. Chem. Lett. 1984, 739. A 
similar result has also been obtained by the researchers of Daicel Chemical 
Industries Ltd.: Shibala, T.; Nakamura, H.; Okamoto, I.; Namikoshi, H. 49lh 
National Meeting of the Chemical Society of Japan, Tokyo, April 1984, Abslr. 
No. 2M42. 

(6) Okamoto. Y.; Honda, S.; Okamoto. I.; Yuki. H.; Murata, S.; Noyori, 
R.; Takaya. H. J. Am. Chem. Soe. 1981, 103, 6971. 




Elulion volume (mt) 



Figure 1. Chromatographic resolution of 8, 9, and 10 on the columns of 
1, 2, and 6, respectively. Columns 25 X 0.46 (i.d.) cm; eluant, hexane- 
2-propanol (90:10) (0.5 mL min" 1 ); temperature 25 °C. 

terials thus obtained were packed in a stainless steel column (25 
X 0.46 (i.d.) cm) by the slurry method. 7 

Figure 1 shows the chromatograms of resolution of l-(9- 
anthryl)-2,2,2-trifluoroethanoI (8), Troger base (9), and cobalt(III) 
tris (acetyl acetonate) (Co(acac) 3f 10) on columns of 1, 2, and 6, 
respectively; the results of resoltuion of these compounds and 
/rany-^-diphenyloxirane (DPO) on the phenylcarbamate columns 
are summarized in Table I. The chiral discrimination of the 
stationary phases was highly dependent on the polysaccharides; 
1 and 4 resolved all the racemic compounds in Table I, while 7 
resolved only 10 with a high efficiency. It is noted that 4 and 
6 showed remarkable chiral discrimination against 8 and 10, 
respectively. The resolution of 8 has been achieved on the chiral 
stationary phases derived from phenylglycine 8 and (+)-poly- 
(triphenylmethyl methacrylate), 6 which showed a = 1.33 and 1.67, 
respectively. Complex 10 has been resolved on several chiral 
stationary phases. 9 The separation described here seems to be 
the most effective one. The cellulose triacetate coated on silica 
gel could separate 9 and DPO, but not 8 and 10. 3 

Besides the compounds listed in Table I, the column of 1 re- 
solved many of the racemic compounds that were separable on 
(+)-poly(triphenylmethyl methacrylate). 6 This column also ex- 
hibited resolving power for 9 (*,' = 1.30 (+), a = 1.21, Rs = 0.9) 



(7) The columns had 4000-7000 theoretical plates for a weakly retained 
compound. The chromatography was accomplished on a JASCO TR1RO- 
TAR II chroma togr a ph equipped with a UV detector and a JASCO DIP- 
I81C polarimeter detector (365 nm, cell 5 cm X 0.30 (i.d.) cm). 

(8) Pirkle, W. H.; Finn, J. M. J. Org. Chem. 1981. 46, 2935. 

(9) Okamoto, Y.; Honda, S.; Yashima, E.; Yuki, H. Chem. Leu. 1983, 
1221 and references therein. 



(*,' = 1.85 (+), a = 1.31, Rs = 1.58) using a 
of ethanol-water (70:30) as eluant. 10 However, in most cases, 
hexane-2-propanol mixtures were better eluants than ethanol- 
water mixtures, suggesting that the hydrogen bond and/or di- 
pole-dipole interaction between the stationary phase and racemic 
compounds play an important role for chiral discrimination. All 
the packing materials were quite stable under the experimental 
conditions shown in Figure 1 . n Phenylcarbamate 12 of 0-cyclo- 
dextrin was also adsorbed on silica gel and employed as a chiral 
stationary phase using hexane-2-propanol (99:1) as eluant. No 
separation was observed with a UV detector, although partial 
separation was found with a polarimeter detector. This suggests 
that higher order structures of polysaccharides may be important 
for effective chiral discrimination. 

The present results in addition to the previous one 5 indicate that 
the various derivatives of polysaccharides will provide useful chiral 
packing materials especially when they are coated on silica gel. 
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(10) The column was stable for at least 2 days in this eluant. 

(11) The columns were not damaged by water present in hexane-2- 
propanol mixtures. The phenylcarbamates of low molecular weight may be 
soluble in ethanol-water mixtures. 

(12) This was prepared in the same manner as in the cases of poly- 
saccharides. Elemental analysis indicated that all hydroxy groups were con- 
verted into phenylcarbmate groups. 



